Orchid bee fauna responds to habitat complexity on a savanna area (Cerrado) in Brazil
Introduction
Habitat structure and complexity may broadly affect the diversity and composition of a variety of fauna in terrestrial systems (Lassau & Hochuli, 2004; . In general, species diversity of terrestrial arthropod communities has been found to be positively associated with habitat complexity .
It has been proposed that community composition is strongly influenced by differences in species pool sizes (the number of species in the species pool) and hence by factors that vary at broad spatial scales and trickle down to local scales (Kraft et al., 2011) . Such factors include habitat area, the evolutionary history of lineages and regions (Whittaker et al. 2001; Kraft et al., 2011; Lessard et al., 2012) , the cumulative effects of stochastic variation or sampling constraints (Chao et al., 2006; Tuomisto, 2010, a; b) .
Orchid bee communities have been widely sampled in different Neotropical ecosystems in recent decades, however, few
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Here we investigated responses of orchid bee assemblages to habitat complexity, with the aim of assessing complexity as a useful surrogate for species diversity of this group. For the purposes of our study, we defined habitat complexity as the heterogeneity in the arrangement in physical structure of habitat (vegetation), although there is a large range of operational definitions in the literature. We test the following hypotheses: (i) There is a greater species richness and abundance of orchid bee in sites with high habitat complexity than lower habitat complexity; (ii) High habitat complexity sites have a different species composition of orchid bee than lower habitat complexity sites. In fact, orchid bee species richness was higher in high complexity areas while community composition was not affected by habitat complexity, due to the effect of dominant species. Habitat complexity, measured as a function of differences in multiple strata in forests, may be of great worth as a surrogate for the diversity of a range of arthropod groups including orchid bees. (Nemésio & Faria, 2004; Alvarenga et al., 2007; Faria & Silveira, 2011; Viotii et al., 2013) . These studies have shown structural differences in bee communities from distinct biogeographical regions, particularly in relation to composition, richness and patterns of dominance. Usually the differences have been attributed mainly to historical factors, although regional differences in community structure at less encompassing spatial scales can be analyzed based on current ecological characteristics related to climatic, geomorphological, and/or vegetational parameters (Sydney et al., 2010; Nemésio & Vasconcelos, 2013) Recently, Nemésio and Vasconcelos (2013) evaluated the beta diversity of Euglossine in the Atlantic forest and noted that climate variations explain twice as much variation in the species data than the spatial variation in species distribution. Nevertheless, part of the observed latitudinal changes in community composition appears to be explained by a concomitant seasonal gradient of precipitation. Similarly, low temperatures and a seasonal rainfall may help explain the RESEARCH ARTICLE -BEES relative specificity of the fauna of some of the most western Atlantic forest.
Orchid bee seems to be an excellent taxon for examining species composition changes in low and high complexity habitats. First, relatively small forest patches, even in urban areas, can sustain viable populations of at least some species of these insects (Bezerra & Martins, 2001; Storti et al., 2013) . Second, as vagile, long-flighted organisms (Wikelski et al., 2010) , orchid bees are able to fly many kilometers daily in search for food and other resources (Wikelski et al., 2010) , what theoretically presumes a relatively high ability to colonize different kinds of environments and finally, their males are easily attracted to synthetic compounds that mimic floral fragrances, making field studies easy to conduct.
Since a greater distance can be covered by air for an equal energy cost, we expect orchid bee species to be highly 'spatially mobile', and the effects of habitat complexity (if any) to be less pronounced (Chust et al., 2004) . To our knowledge, there have been no comparative studies describing orchid bee community patterns in relation to habitat complexity on a landscape scale. Our aim was to assess differences in orchid bee assemblages between low and high complexity habitats, within the same vegetation type, considering that habitat complexity may affect orchid bee fauna at various levels of vegetation strata (Aguiar et al., 2014) .
In this study, we test the following hypotheses: (i) There is a greater species richness and abundance of orchid bee in sites with high habitat complexity than low habitat complexity; (ii) High habitat complexity sites have a different species composition of orchid bee than low habitat complexity sites.
For the purposes of our study, we defined habitat complexity as the heterogeneity in the arrangement in physical structure of habitat (vegetation), although there are a large range of operational definitions in the literature.
Methods

Study area
The vegetation of Espinhaço mountain range is a mosaic of savanna vegetation, patches of semideciduous Atlantic forest and outcrop fields (Menezes & Giulietti, 2000) . For the study we selected 15 sampling sites, in this "mosaic" located in the conservation unity "Parque Estadual do Rio Preto" (PERPRETO), in the municipality of São Gonçalo do Rio Preto, Minas Gerais, Brazil (6758200 E-7990420 S) ( Figure 1 ). The climate in PERPRETO is classified as Cwa Köppen (Alvares et al., 2013) , with dry winter and hot summer (with an average total annual rainfall of approximately 1350 mm). During the study year, the total precipitation was 1300 mm, with temperatures varying from 18º C to 20º C.
Sampling
Male Euglossine bees were sampled once a month from July, 2011 to July, 2012. At each collecting day, fragrance baits (methyl cinnamate, vanillin, cineole, benzyl acetate, methyl salicylate, beta-ionone and eugenol) were exposed from 08:00 A.M. to 03:00 P.M. , using traps following Bezerra and Martins (2001) totalizing 252 sampling hours (seven traps by each sampling plot) were placed 1.5 m from the ground and 2 m apart each other. Sampling was consistently undertaken on sunny days, and never during periods of atypical low temperatures. Orchid bees were identified by Márcio Oliveira. All voucher specimens are deposited in the Entomological Collection of the Laboratory of Biodiversity at the Federal University of Ouro Preto and in the Collection of Invertebrates of Instituto de Pesquisas da Amazonia (INPA).
Each sampling area was selected in habitats of riparian forest, savannah and outcrop fields so that it contained high and low complexity plots. This resulted in 15 sampling plots in 3 areas over the PERPRETO. The minimum distance between each sampling point in each sampling sites was 500 m and the the distance between each sampling site was of approximately 5 km. Each of the 15 plots was characterized for habitat complexity (in the end of the sampling period), using scores between 0 and 3 for three habitat variables (Table 1 ). This is a modified version of the technique used by Coops and Catling (1997) and . The scoring of sampling points, in each sampling site, results in 6 plots being categorized as low complexity (LCH), after scoring 2-5 (of a total of 9), and 9 as high complexity (HCH), scoring 6 or greater on the habitat complexity scores. The differences in habitat complexity did not appear to reflect a different successional state, but rather the patchy mosaic of different physiognomies.
We assessed differences in composition of orchid bee assemblages between areas of low and high habitat complexity using PERMANOVA. We constructed a BrayCurtis dissimilarity matrix of the data from our orchid species using a fourth root transformation to allow a more equal contribution of rare species (Clarke, 1993) . Non-standardized data were used, since throughout the study all collection sites were treated with equal importance. The differences in the abundance of the genus of orchid bee fauna in low and high complexity habitats were accessed using a t test.
Results
A total of 1,833 male Euglossine bees were collected, belonging to tree genera and 12 species. Euglossa melanotricha and E. leucotricha were the dominant species, representing more than 60% of the individuals collected (Table 2 ). In the HCH habitat 1,276 individuals belonging to 11 species were collected, while 557 individuals belonging to 12 species were collected in the LCH (Table 2 ). *Sparse ground flora refers to grasses covering < 50% of a study site; ** Dense ground flora refers to grasses covering > 50% of a study site. 
Statistical comparisons
We examined differences in the species richness and abundance of orchid bees at high and low habitat complexity sites using single-factor Analysis of Variance (ANOVA). We created individual-based rarefaction curves within each treatment using Estimates (Colwell et al., 2012) . Rarefaction was used to ensure that any responses we detected were not a product of sampling bias (Krebs, 1989) , caused by trapping methods in habitat with varying structure (Melbourne, 1999) . Correlations between orchid bee species richness and individual habitat variable scores were tested using Spearman Rank Correlation (SRC). We also tested correlations between habitat variables using SRCs.
Orchid bee species HCH LCH
Euglossa melanotricha 439 162
Euglossa leucotricha 175 106
Euglossa securigera 142 83
Eulaema nigrita 100 72
Euglossa imperialis 120 44
Eulaema cingulata 126 13
Euglossa fimbriata 80 58
Eufriesea nigrohirta 63 2
Euglossa truncata 13 12
Euglossa annectans 13 1
Eufriesea auriceps 0 2
Euglossa violaceifrons 5 2 Table 2 . Abundance of orchid bee species in sampling sites with high complexity (HCH) and low complexity (LCH) at PERPRETO, MG, Brazil.
Effects of habitat complexity on orchid bee assemblage
The species richness and abundance of orchid bee were higher in more complex habitat types (ANOVA F 1,14 = 33.01, P < 0.001) however, the species abundance was not significantly different (Figure 2 ). Average abundance was higher in more complex habitat types only for Euglossa species (t = 7.25, P < 0.001) (Figure 3 ). Individual based rarefaction curves suggest that the orchid bee species richness may be higher in high complexity habitats (Figure 4) . The species composition of orchid bee fauna was not different in habitats of high and low complexity (Permanova R = 0.27, P = <0.2).
The species richness of orchid bees was positively associated to the total score of habitat variables (Spearman Rho = 0.62, n = 15, P = 0.012). The species richness of orchid bees was positively associated with the shrub canopy cover (Spearman Rho = 0.45, n = 15, P = 0.034), and ground flora (Spearman Rho = 0.47, n = 15, P = 0.042). Among habitat variables, tree canopy cover was negatively associated with ground flora (Spearman Rho = -0.43, n = 15, P < 0.001) and shrub canopy cover negatively associated with ground herb cover (Spearman Rho = -0.40, n = 15, P < 0.05).
Discussion
The results of the present study, plus those obtained by Viotti et al. (2013) , Justino and Augusto (2012) Faria and Silveira (2011) , Alvarenga et al. 2007 and Faria (2004) , in other areas of savanna (Cerrado) in Minas Gerais state, revealed a total of 16 orchid bee species for this region. So far there is no list for the orchid bee fauna in the Cerrado of Minas Gerais. Considering the result of the rarefaction curves and richness estimators, the orchid bee fauna in Cerrado areas was underestimated and the real number of species may be higher.
The species richness in Parque do Rio Preto is higher to those found in other inventories carried out in the Cerrado domain (e.g Nemésio & Faria, 2004; Alvarenga et al., 2007; Justino & Augusto, 2010; Faria & Silveira, 2011; Viotti et al., 2013) and in fragments of the semideciduous "low mountain rain forest", at elevations of 300-900 m, in the Atlantic forest domain (Rebêlo & Garófalo, 1997; Sofia & Suzuki, 2004; Nemésio & Silveira, 2010; Silveira et al., 2011; Ferreira et al., 2013) . These forests are characterized by relatively open canopy, 15-25 m tall, and occur under climates with two well defined seasons, rainy and dry. This suggests that the species richness of local faunas in the Cerrado is comparable to those more complex forests, in the so-called "inland forests" or semideciduous forests within the Atlantic forest domain. Such species richness, however, are much smaller than those found in coastal Atlantic forest sites (perennial forests) in southeastern Brazil (e.g. Tonhasca-Jr. et al., 2002; Nemésio & Vasconcelos, 2013) .
Despite Faria and Silveira (2011) explain the low richness and abundance of orchid bees in Cerrado areas, as a result from relative food scarcity, which, in turn, would be a consequence of a combination of low soil fertility and relatively low seasonal precipitation, our results are going in an opposite way. The Cerrado is a very rich floristic region with many different habitat types (Joly et al., 1999) and that habitat heterogeneity may provide the necessary resources for orchid bee species. It should be considered that the orchid Orchid bee genus abudance in high and low complexity habitats (±SE) bees present in the Cerrado domain are able to explore both high and low complexity habitats (the savannic and the forest environments). It is important to notice that the species composition of orchid bee, in our study, was not different in habitats of high and low complexity. It is possible, then, that orchid bees vague through both environments, exploiting whatever resources they can find in each of them. For example, riparian forests would be important for orchid bees, offering them nesting sites, food resources and protection against intense solar radiation and winds (Neves & Viana 1999 , Wikelski et al., 2010 .
Habitat complexity
The higher average species richness in more complex habitat was expected and is in agreement with our findings since the individual rarefaction curves shown that the expected richness of HCH was always higher than that in LCH. Nevertheless, for abundance, the result was the opposite since the "more common" orchid bee species (E. melanotricha and E. leucotricha) present higher abundance both in high and less complex habitat types.
Shrub canopy cover and ground flora cover all had significant positive associations with species richness of orchid bees. The interpretation of this result is somewhat complicated by the negatively correlations between tree canopy cover and ground flora and shrub canopy cover negatively associated with ground herb cover.
For the three genera of orchid bee, habitat complexity may not be important in determining bee richness but abundance. For the most rich genera -Euglossa -there was no difference in richness but the abundance. It should be notice that the abundance of the three more abundant Euglossa species (E. melanotricha, E. leucotricha and E. securigera) was also higher in sites with LCH when compared with the other species. For E. melanotricha and E. leucotricha, previous studies had demonstrated that these species are much abundant in mosaic of Cerrado and outcrop fields as well as in a mosaic of Cerrado and Eucalyptus plantation (see Faria and Silveira, 2011; Viotti et al., 2013) . It should also be considered that mosaic of physiognomies may be favoring the occurrence of orchid bees, as demonstrated by Aguiar et al. (2014) .
Recently, Nemésio and Vasconcelos (2013) evaluated the beta diversity of orchid bees in the Atlantic forest and noted that climate variations explain twice as much variation in the species data than the spatial (latitudinal) variation in species distribution. Nevertheless, part of the observed latitudinal changes in com munity composition appears to be explained by a concomitant seasonal gradient of precipitation. Overall, our results agree with a growing body of evidence (e.g. Myster, 2009; Sydney et al., 2010; Vasconcelos et al., 2010) showing that environmental gradients affect the turnover of animal and plant species in tropical forests more strongly than geographic gradients.
Our study reinforces the importance of habitat complexity to preserve high local and regional species richness, as the composition of orchid bees communities, as well as their patterns of abundance and species dominance have been found to differ among habitat with high and low complexity. The mechanisms driving associations between habitat complexity and patterns in orchid bee communities may also provide a basis for maintenance of ecological services and the genetic diversity of their host plant populations, and attention should be given to studies focusing on these points.
